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Abstract 
The mechanical properties of wood elements can be influenced by any combination between loads, humidity, temperature 
variations, biological actions and other factors. 
The present paper focuses on the study of the influence of temperature variations on the strength and deformability capacity of 
bar type wood elements with rectangular cross-section. The analysis was performed for different support conditions, under 12% 
constant humidity. 
Firstly, the authors propose a comparative analysis between the state of stresses and strains of the bar type wood elements 
computed using analytical methods and a numerical application. For the numerical determination SAP2000 structural analysis 
and design software was used. 
In the second part of the article the influence of temperature variations on the wood elements is evaluated, with considerations 
upon the risk of exceeding the resistance capacity and deformability. 
©2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee EENVIRO 2015. 
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1. Introduction 
The bar type wood structural elements may be simultaneously acted upon by force systems and temperature 
variations. These variations occur due to differences in space and time between the values of indoor and outdoor 
temperatures caused by heat transfer and seasonal conditions winter / summer. 
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The influence of temperature variations on the behaviour of linear structural wood elements is generally 
neglected because of the small value of the dilatation coefficient (Dt = 5·10-6 1/°C), less than the value for concrete 
(Dt = 10·10-6 1/°C), or steel (Dt = 12·10-6 1/°C).   
A greater importance was given to the influence of this type of temperature load in case of wood bridges 
elements, because of the effect of the superposition with the structural modal parameters. [1] [2] 
Nevertheless, under certain conditions (extreme temperatures or specific support conditions), the efforts due to 
temperature variations may lead to redesigning of structural elements and connections even in case of civil buildings 
structures. 
The present paper aims to finding those special situations for which the action of temperature variation may 
determine loss of strength capacity and deformation capacity for bar type wood structural elements having boundary 
conditions hindering free deformations. 
Seeking for the conclusions of this analysis, the authors associate the general statics equations and the synthesis 
equations for determining the state of stresses and strains of wood bars acted upon in the same time by force systems 
and temperature variation. 
The thermal field is generally a function of space and time. In the present paper it was considered that the thermal 
field is stationary having extreme values in winter / summer, which is of interest in real practice. 
In order to investigate the state of stresses and strains, the stationary thermal field was split into two elementary 
fields: 
 
Fig. 1 - The effect of temperature variation on an element dx 
x A thermal field T0(x) = (Ti+Te) / 2  uniform on the cross-section of the bar 
x A thermal field DT0(x)= (Ti-Te) / 2 non-uniform along the cross-section height of the bar 
Determining the state of stresses and strains, verifications can be performed both for the ultimate limit state 
(ULS) and the serviceability limit state (SLS), according to the provisions of the Codes in force.  
2. Analysis of the state of stresses and strains 
The analysis of the state of stresses and strains was performed using the analytical method and the finite element 
analysis by means of  the SAP2000 program in the linear elastic field, based on the fundamental assumptions of 
strength of materials and structural statics [3] [4] [5]. 
In order to define the state of stresses and strains by analytical methods is necessary to study the three 
fundamental aspects of the problem: 
x The static aspect represented by the static equilibrium equations of an infinitesimal basic element and the 
equivalence relationships between the unit efforts and their resultants along the cross-section; 
x The geometric aspect represented by strain equations; 
x The physical aspect represented by the Hooke's Law. 
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Deformation equations connecting the specific strain and the components of the displacement of a point: 
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x Physical equation (Hooke's Law): 
Vx y= E εxy  (5) 
Following the notations in fig. 2, the corresponding equations are: 
a)   b)  
c) 
Fig. 2. Positive efforts and displacement: a. equilibrium of an infinitesimal element; b. positive unit stresses; c. positive displacements 
The previous expressions and equations highlight the fact that the temperature variations occur in the deformation 
equations only. The total specific deformation can be expressed as a sum of specific deformation given by efforts 
and specific deformation given by two basic temperature fields. 
The synthesis of three types of equations leads to the definition of the state of stresses and strain relationships as 
follows: 
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The integration constants C1 ... C6 are determined by expressing boundary conditions in stresses and strains 
function of the considered supporting conditions. 
In Table 1 are presented the boundary conditions and the expressions of sectional efforts and deformations for 
three main supporting situations: 
        Table 1. The boundary conditions and expressions of sectional efforts and deformations 
Schema statica si incarcare/ 
Loading and statics 
Boundary conditions 
Computations expressions for efforts and 
deformations 
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3. The main parameters considered in computations 
In order to fulfil the goals of the present study, the wood elements subjected to analysis were considered as 
components of a wood trestle framing system for a pitched roof. 
In case of the wood structural systems for pitched roofs, the common practice is to consider that connections are 
rotationally pinned, meaning that the elements are free to rotate in joints relative to each other. However, in service, 
connections will develop a semi-rigid behaviour due to multiple reasons related to the type of connections, type of 
fasteners, loading system, sectional efforts, connector’s deformation etc. [10] 
Consequently, five types of supporting systems are proposed in the attempt of solving the situation as accurately 
as possible: 
Beam Type 1 - double fixed-end beam; 
Beam Type 2 – fixed-end - hinged beam; 
Beam Type 3 - fixed-end - simply supported beam; 
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Beam Type 4 – hinged - simply supported beam; 
Beam Type 5 - double hinged beam. 
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Fig. 3 - Types of supports considered in computations 
The study was leaded on several types of square timber cross-sections among which only 3 representative are 
analysed in the present paper (b x h): 10x12cm, 15x20cm and 20x30cm. 
The values for width b and height h of the beams cross-section resulted from the design according to NP005/2003 
[6] and SR EN 1995-1-1: 2004 [7] regulations, considering the most restrictive values of the two. Permanent loads pi 
and snow loads zi were evaluated for each beam such that dimensioning of the elements to be done to the limit 
strength and deformation conditions.  
Resistance class C24 massive resinous wood was chosen for the computations, it was considered the isotropic 
material behaviour, and the thermal expansion coefficient was considered having the value at = 5·10-6 1/°C. 
The loads at the roof level were considered: permanent load = 0.30kN/m2 and snow load = 1.60kN/m2. 
The temperature variation was considered for seasons of extreme temperatures, considering temperatures outside 
and inside the wooden roof as follows: for summer text,v = +40°C and tint,v = +24°C and for winter text,i = -25°C and 
tint,i = +20°C. 
4. Results 
4.1. Comparison between computation approaches 
Table 2 comparatively presents the values of efforts and deformations obtained through the two methods: the 
analytical method and finite element analysis using SAP2000 design program in the linear elastic field. 
This table summarises values only for the 20x30cm cross-section beam, for all the 5 types of supports considered 
and for the load combination that takes no account of the temperature variation. All the other types of beams 
subjected to the same loads fit in the ranges of percentage differences presented in Table 2. 
         Table 2. Comparative results for beam section 20x30cm  
Mbeam1 Tbeam1 fbeam1 Mbeam2+3 Tbeam2+3 fbeam2+3 Mbeam4+5 Tbeam4+5 fbeam4+5 
(kNm) (kN) (m) (kNm) (kN) (m) (kNm) (kN) (m) 
Equations 26.92 26.92 0.00575 40.3 33.6 0.00106 40.4 26.9 0.026 
SAP2000 26.92 26.92 0.00578 40.4 33.64 0.00107 40.4 26.9 0.026 
Difference (%) 0.00 0.00 0.52 0.25 0.12 0.94 0.00 0.00 0.00 
The values are almost the same, modelling by SAP2000 design program leading to higher values than the other 
method, with a percentage difference up to maximum of 1%, which represents an insignificant difference, thus 
modelling by the design program closely follows equations equivalent computation. 
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The same conclusions are highlighted also by the SAP2000 tutorial [12] where the results obtained both by 
performing the program and by independently computing using the Roark and Young formulas [5] applied to the 
wood linear elements, match exactly.  
4.2. Assessing the temperature influence on the behaviour of wood elements 
In Fig.4 comparative results of the effects of the action of  the load combination including the temperature 
variation in winter (permanent load + snow load + temperature variations in winter) and the load combination in 
which no temperature variation is included (permanent load + snow load) are presented. These results are expressed 
in percentages and offer a clear image of the temperature influence on the state of stresses and strains. 
The stresses and strains produced by the summer temperature variation only are diminishing the stresses and strains 
produced by the action of the fundamental group of combination containing permanent load (P) + snow load (S). 
Therefore, it was further analysed only the case where the temperature variation occurs in winter (Twinter), which 
increases stresses and strains coming from the fundamental group of loads (S and P), which will induce an 
unfavourable state of stresses for the structure. 
In fig. 4, it can be noted that beams with smaller cross-sections (10x12cm) are more affected by temperature 
variations in winter, with the ratio of stresses and strains higher than those of beams with greater cross-section 
(beam 20x30cm).  
Thus, for the fixed-ends beam  (type 1 beam), the smaller the section of the beam, the grater the value of bending 
moment due to winter temperature variations (for 20x30cm the bending moment increases with 13.5%, for 15x20cm 
the bending moment increases with 18.5%, while for 10x12cm the bending moment increases with 34%). The shear 
force and the deformation are not influenced by the temperature variations (the ratio of the shear force and 
deformation determined with or without the temperature variations influence is 1.00).  
For the fixed end-hinged beam (type 2) and fixed-end - simply supported beam (type 3), the temperature 
variations produce the same type of effect (if the cross section of the element is decreased from 20x30cm to 
10x12cm then the bending moment increases from 13.5% to 34%, the shear force increases from 2.7% to 7.27% and 
the deflection from 4.4% to 10.5%). 
For the hinged - simply supported beam (type 4) and double hinged beam (type 5), the bending moment and the 
shear force and are not influenced by the variation of the temperature (the ratio of the bending moment and shear 
force determined with and without considering the influence of temperature variation is 1.00). As for beams 
deformation, the smaller the beam cross section, the greater the  percentage variation (the 20x30 cm cross-section 
beam deformation is 7.6% greater when the temperature variation is introduced, while 10x12 beam deformation 
increases to 19.6%). 
 
Fig. 4. Percentages differences of stresses and strains resulting from comparing the load combinations (P+S+Twinter)/(P+S). Mi – beams bending 
moment; Ti – beams shear force; fi – beams deformation (deflection). 
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The graphs in fig. 5 and 6 show that for certain extreme values of temperature variations in winter, the bending 
capacity (Mr) and deformation capacity (fadm) of the beams may be exceeded. 
Thus, for the fixed end-hinged beam (type 2) and fixed-end - simply supported beam (type 3) having the cross 
section dimensions 20x30cm (fig. 5), the bending capacity is exceeded, as the sectional effort, M2+3 is 47.51 kNm 
and the bending capacity is Mr = 41.95 kNm. The beam must be resized at 23x30cm, which represents an increase 
of 15% of the beam section. 
 
Fig. 5. Bending Moments resulting from the load combination (P+S+Twinter) beam type 2 + 3, Mr - bending capacity of the bars 
For the hinged - simply supported beam (type 4) and double hinged beam (type 5) with cross section dimensions 
of 10x12 cm and 15x20cm the allowable deformation is exceeded – the design deformation is  f4+5=0.0335m, 
0.0330 m respectively, the allowable deformation being fadm = 0.03 m. The beams should be resized at 10x13cm, 
15x21cm respectively, which represents an increase of 8.3%, and 5% of the beam section.   
For the resizing process there were used uncustomary values of wood sections, in order to capture as faithfully as 
possible the increasing value of the section. 
 
Fig. 6. Deformations resulted from the load combination (P+S+Twinter) for beam type 2 + 3 and 4 + 5 
5. Conclusions 
Among all the parameters that must be taken into account in wood structural elements design, the influence of 
temperature variations is considered to be of less importance, or even neglected, because of the small value of the 
dilatation coefficient. 
In spite of this general approach, under certain conditions (extreme temperatures or specific support conditions), 
the efforts due to temperature variations may lead to increase in sectional efforts and to excessive deformations of 
structural elements and connections even in case of civil buildings structures. 
fadm=0.03
Mr=41.95kNm
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A greater importance was given to the influence of this type of temperature load in case of wood bridges 
elements, because of the effect of the superposition with the structural modal parameters. 
This study focuses on the influence of temperature variation on wooden elements with different cross-sections 
and different support conditions at 12% constant humidity.  
Primarily, the study describes the state of stresses and strains by writing equilibrium equations, deformation 
equations and physical equations for considered elements and compares these results with those obtained using the 
SAP2000 program. 
The results obtained from computations are similar for the two methods stated above, regardless the beam types 
and support conditions, with an acceptable difference of 1%.  
Meanwhile the following statements were certified: 
The support conditions directly influence the state of stresses and strains function of the hindered type of 
deformation (rotation or translation). 
Analyzing a beam having different support conditions and subjected to the action of the elementary thermal field 
T0 it results: 
x For a hinged - simple supported beam, the elementary thermal field T0 produces deformations only, without 
occurrence of efforts; 
x For a fixed - simple supported beam, the elementary thermal field T0 causes dilatations only and zero axial 
efforts; 
x For a double fixed-end beam, axial deformations are zero and the axial efforts are maximal and equal to N = E A 
at T0 
x Analysing the effects of non-uniform elementary thermal field DT0, it results: 
x For a simply supported beam, the elementary thermal field DT0 causes deformations only, without occurrence of 
efforts;  
x For a fixed - simple supported beam the effect of the elementary thermal field DT0  consists in the production of 
deformations (deflections) and bending moments ; 
x For a double fixed-end beam, axial deformations are zero and the bending moments have constant value, 
maximal and equal to M = E I at DT0 / h. 
The second part of the study aimed to assess the risk induced by temperature variations for the strength 
deformation capacity of the beams. 
The combinations containing winter temperature variations were mainly selected in this study because these led 
to the most disadvantaged state of stresses. 
However, an important summer temperature variation can cause, function of the considered static conditions, 
significant axial efforts that may lead to the exceeding of the strength capacity of the bars. 
The results indicates that the effects of temperature variations may lead to exceeding of the strength capacity and 
allowable deformation in current exploitation if the values of thermal field are significant and if the dimensioning of 
structural elements was made within a narrow safety range, up to max. 10 %. 
Thus, for the analysed cases, the result was an increase of beam cross section with 5-15%, depending on the 
original section of the beam and the statics considered in computations. 
This article leads us to conclude that the effect of temperature should not be neglected in design of wooden 
elements. Measures must be taken for thermal insulation of wooden structure in order not to encounter exceeding of 
the strength and deformation capacities. 
It appears important to guide a future research towards analysing the influence of temperature variations on the 
behaviour of connections for wood structural elements. 
References 
[1] Guang-DongZhou, Ting Hua Yi – A Summary Review of  Correlation between Temperatures and Vibration Properties of Long-Span Bridges 
[2] Milan Holický and Jana Marková - Thermal actions, Czech Technical University in Prague, Czech Republic 
 Ruxandra Erbașu and Daniela Țăpuși /  Energy Procedia  85 (2016)  211 – 219 219
[3] Manualul pentru calculul constructiilor; 
[4] S. Rautu, V. Banut - Statica Constructiilor; 
[5] W. Young, R. Budynas – Roark’s formulas for stress and strain; 
[6] NP 005-03 - Normativ privind proiectarea construcţiilor din lemn; 
[7] SR EN 1995-1-1:2004 - Proiectarea structurilor din lemn; 
[8] CR 1-1-3/2012 - Evaluarea actiunii zapezii asupra constructiilor; 
[9] Structures en bois aux etats limites. Introduction a l Eurocode 5 – Materiaux et bases de calcul, Ed. Eyrolles, Paris, 1996; 
[10] J.Porteous, A.Kermani – Structural Timber Design to EUROCODE 5; 
[11] Ghiţă, Ana-Maria, and Mircea Bârnaure - "Numerical Study on the Hydrothermal Behaviour of Retrofitted Historical Masonry Buildings", 
the Bulletin of the Polytechnic Institute of Jassy, Romania; 
[12] SAP2000 Structural Analysis Program, Product of CSI Computers&Structuresc Inc – Software Verification. Example 1-002. Frame-
Temperature Loading. 
 
